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WELLBORE CASING 
Crass Reference To Belated Application* 
This application claims the benefit of the fifing data of U.&. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to wellbore casings, and in particular to 
weHbore casings that are formed using *gp»™3«H]A tubing. 

Conventionally, when a weHbore is created, a number of casings are 
5 ins t alled In the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fluid fro^ 
formation into the borehole. The borehole is drilled in intervals whereby a casing 
which is to be installed in a lower borehole interval is lowered through a 
installed casing of an upper borehole interval Ab a consequence of this procedure 
10 the casing of the lower interval is of BDwdler diameter than the casing of the upper 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. -Cement ammli are provided between the outer 
surfaces of the casings and the borehole wall to seal the casings from the borehole 
walL As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter Involves increased eogta due fa hmmvj casing *"»™*!niff large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed 

Hie present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weHbore. 

26 Summery at the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that inchides histaJh^ a tubular liner and a mandrel 


faatheborabolc, iqjectingfraidic material into the borehoie, and radially expanding 
the liner in the bor eho le by extruding the liner off of the mandrel. 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling oat a new section of the 
5 borehole &4>acent to the already existing casing. A tuholar liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
an annular region between the tubular liner and the new section of the borehole. 
fh» oTwinlgr retftm Y*tm*m thp faihtibir Hner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandrel A non hardenable fhxidic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular Knar Is extruded off of 
the mandrel. The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested- At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 
20 cured fluidic hardenable wiling material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 Quid passage. The tubular member is coupled to the mandrel The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
ex panding a tubular member is provided that includes a support member, an 
30 «rp*TidflMg mimdrBl, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coapied to th* s upport memhwr and includes s thrwf niifd p»ftsagp_ Th& 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention- a method nfjm^ g 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that mdudeap 
10 of the second tubular member. A portion of an interior region of the second 
tabular member la pressurized and the second tubular member is extruded ofiT of 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that inc ludes an annular member having one or more sealing members 
16 at an end portion ofthe annular member, and one or more prasure relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that i nclu d e s a tubular liner and an annular bocry of a cured fluidk 
sealing material. The tubular liner is formed by the process of extru&ng the 
220 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie^^ 
lining an existing wellbore caring is provided that indudes a tubular Iine^ 
annular body of cured fhrirtir wiling material. The tubular liner is formed by the 
process of e xtruding the tubular Hner off of a mandreL The annular body of a 
25 cured fluidk sealing material is coupled to the tub ular liner . 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 
30 a second fluid passage operahly coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel 
The tubular member is coupler The shoe is coupled to the tubular 
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member. The shoe iTichide* a third fluid passage operabry coupled to the second 
fluid passage, en interior portion, and an exterior portion- The interior portion of 
theshoeisdrillabte. 
Brief Description of the Drawings 
5 HG. lis a fragmentary cro^ 

section of a well borehole. 

FIG. 2 in ? f^^^^ry m**. M*± 2 tm*\ vitrwfllnstratmgthe placemen t of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 U a fragmentary cross-sectional view illustrating the mjection of a 
first quantity of a hardenable fluidk sealing material into the new section of the 
well borehole. 

FIG. 3a is antfther fragmentary 
of a first quantity of a hardenable fluidic sealing material into the new section of 

15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fhridic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-eectional view ilhistrating the dWling out of 
20 a portion of the cured hardenable fluidic eealing material from tte 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 
HG. 8 is a fragmentary crosfrfi^^ 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a driHable mandrel and shoe. 
30 FIG. 9a 1b another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a cross sectional illustration of a weUboze ™-Mm c a of 

FIG. 10b is a eros&-eectionfll illustration of an apparatus and method for 
creating a tie-back liner using an expendible twh yijir member , 
5 FIG. 10c is a croawectkmal illustration of the pumping of a fhndic sealing 
material into the annular region betwmi the tubular member and tte 
casing. 

FIG. lOdiaa cross-sectional ffinatration of the pgeasnriring of the interior 
of the tabular member below the mandreL 
10 FIG. lOe ia a crott-secti^ 
member off of the mandreL 

FIG. lOfisaeroea-aectiazialil^^ 
out the shoe and packer. 

FIG. lOg is a cross-aectkmal illustration of the completed tie-back liner 
15 created using an eapandMe tubular member 

FIG. llaisafragmentaiycroBfraectiaiuJview 
new section of a well borehole. 

FIG. lib isafeagm en tarycrosfrflecttonal view ilhastrating the placement of 
an embodiment of an apparatus for hanging a tubular Imgr withf^ fh^ Bgcfion 
20 ofthe well borehole. 

FK1. 11c is a fragmentary croes^^ 
a first quantity of a hardenable flnidic sealing material fa to to 
well borehole. 

FIG. lid is a fragmentary croaa^ectkmal view ilhistrating the introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG, lie is a fragmentary cross sectional vfewfflnatrating the injection of 
a second quantity of a hnrrirninhle flnf rt ir sealing material into the new section of 
the well borehole. 

FIG. llf is a fragmentary crose-eectio^ 
30 of the tubular liner. 
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Detailed Description of the Hhwtntive Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurising an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
members in the wellbore to be j oined using an overlapping joint thai prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an existing tubular member by exp and i n g the new 
tubular t"**™**^ into engagement with the printing tubular member. The 
apparatus and method further minimizes the reduction in the hole aire of the 
wellbore racing necessitated by the addition of new Bections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurising 
a nd interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tabular member by rrp andin g the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandab le tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the mterk>r portions of the apparatus is oompo^ of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for frmgfac an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular Hner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 


Referring ndtialry to Figs. 1^, an embodiment of an apparatus »M -rnath^A 
for terming a weHbore casing within a subterranean formation will now be 
described. As illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean 
formation 105. The wellborn 100 iadttdes an eaisting cased section HQ having a 
5 tabular easing 116 and an annular enter layer of cement 120. 

In order to extend the weHbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new secti on 130. 

As iDnstrated in Rg. 2, an apparatus 200 forfonrnnga wellborecasingin 
10 a subterranean formation is thmp 

100. The apparatus 200 preferably tngfa^w «" jtrprwUK^ mandrel or pig 205, n 
tubular member 210, a shoe 216, a lower cup seal 220, an upper enp seal 225, a 
fhiid passage 230, afhiM passage 235,aflnid passage^ 
member 260. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commerciauy available "p^i* m andrels nwwttfmd in 
accordance with the teachings of the present disclosure. In a preferred 

20 embikliment, the expandable mandrel 205 comprises a hydrmH^ arpn™^ aB 
disclosed in U.S. Patent No. 6,848,096, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

Trie tubnlar member 210 is supported by the expand The 

26 tubular nieinbar 210 is expanded m the »a^ 

expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commenaahy available materials such as, for example, 
OOfield Country Tubular Goods (OCTQ), IS chrendum steel tuhing/c^aaing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 

80 fabricated from OCTG in order to raaxhnire strength after expansfo The inner 
and outer diametera of the tubular member 210 may range, for example, from 
approxmiately0.75to47iiumM In a preferred 


embodiment, the mner and outer diameters of the tubular member 210 range from 
about 3 to 16J5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tabular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tabular member 210 

is slotted; perforated, or otherwise modified to catchorab^ 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tabular member 210 is limited to minimixe the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tabular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 
16 example, Super Seal n float shoe, Super Seal HDown^et float shoe or a guite shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
frflfhingi of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available foam Halliburton Energy Services in Dallas, TO, modified in 

20 ^4W"*P™P W*th thft tour liiTiganf thf» pnwmt ritorlnmirft, in nnW to optimally guide 

the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
phig after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 2 15 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable flufdic sealingmaterial into the 
region outside the shoe 215 and tubular member 2 10. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball eeaHng member. In this manner, the fluid passage 240 
can be optimally sealed offby intr^ 
into the fluid passage 280. 


ThB lower cap seal 220 is coupled to and supported by the eupport member 
260. The tower enp peal 22D prevents foreign materials from altering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cop seal 220 may comprise any number of conventional commerciaUy 
5 available cap seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) coos modified in accordance with the teachings of the present disclosure. In 
apreferred embodiment, the lower cup seal 220 comprises a SIP cup seal, av ailable 
from Halliburton Energy Services in Dallas; TXinco^ 
material and contain ■ hrvfr ttihriVfnt 

10 Thenpperci9seal225i8C0iipledto 

250. The upper c up s e al 2 26 j^svonts forei gn mat e r ial 

region of the tubular member 210. The upper cup seal 226 may comprise airy 
number of conventional commercially available cup aeala audi as, fa example , TP 
cups or SIP cups modified in accordance with the teachings of the present 

16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available ftomHalHburton Energy Serv^ 
block the entry of foreign materials and contain a body of lubricant. 

The Quid nassagB 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 beu^ 

20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the eipandsMe mandrel 206. The fluid passage 230 preferably 
extends from a position aefceeirt to the surfaw to to 

mandrel205. The fluid passage 230 w preferably positioned along a centerline of 

the apparatus 200. 
25 The OuMpaaaage 230 is preferahty 

operation, to transport materials such as drilling mud or formation fluids at flow 

rates and pressures ranging from about 0 to 3,000 galtonstoinute and 0 to 9,000 

pai in order to mjnhnixe drag on the tabular member being ran and fen minimise 

surge pressures exerted on the wellbaxewhkh could erases 
30 and lead to hole collapse. 

The fluid passage 235 pernn^ 

passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, fluidk matfriah 255 forced tip the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby minimizing surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further flnidicfr coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferrodembodunent^ the control 
valve is pressure activated in order to controllably minimise surge pressures. The 
fln M passag e 235 ispreferably positioned BubstantiaDy orthogonal to the centeriine 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rotes and pressures ranging from about 0 to 3,000 gaDons/minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 180 of the wellbore 100 and to minimise surge pressures on the 

15 new wellbore section 130. 

The flui d passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
paaaage 240 is coupled to and positioned within the shoe 215 in fluidic 
comm ttnic afaon with the interior region of the tubular member 210 below the 

20 expandab le mandrel 205. The fluid passage 240 preferably has a cross-secti on al 
shape that permits a plug, or other aiinilax device, to be placed mfl 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 2 10. This permits 

25 the interior region of the tubular member 210 below the expandab le mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centeriine of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gaUons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular inember210and the new section 130 of 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes aa inlet gwmetry that can receive a dart and/or a ball sealing member. 
Inthwmaii»CT,the^ 

and/or ball sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tobularmanber210. Theses 
of the end portion 260 of the tub^ The seals 246 pennit the 

crolapping joint between the end portion 270 of the casing 116 and the portion 
260 of the tubular memb^ The seals 245 may comprise 

any nnmber crfcxm^tional cwmnenaalfr available seals such as, for example, 
10 lead, robber. Teflon, or opq^ 

the present disclosure, In a preferred embodiment, t)w» seals 246 are mold ed fttmi 
Stratalocicpo^ available £ro^ 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the easting casing 115. 
15 In a preferred embodiment, the seals 245 are selected to optinialfy provide 

asuffioentfricticmalfora 

existing casing 116. In a preferred embodiment, the fictional force op timally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 The support menibe^ 

member 210, ahoe 215, and seals 220 and 225. The support member 250 
preferably cannprira 

apparatus 200 into the new section 130 of the weflbore 100. In a preferred 
embodhnent, the support men^ 

25 centralizers (not Illustrated) to help stabllix© the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular ineinber 210. In this manner, the extrusion of the tubular member 210 off 
ofthe expandable mandrel 205 is fi^^ The mhricant 275 may comprise any 

SO number of conventional commercially available liiHriwmfr mc h ^ f or example, 
Lu bripla to, chl or ine based tabr^^ AntimeTO 
(3100). In a preferred embodiment, the lubricant 275 comnrises Qimax 1500 
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AntiajexeQlOO) gvmlnbl& frt>m m .mAT T aiKn and Equipment Co in Houston, 
TX in orier to optimally provide optimum hibrication to facfliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200, In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
minimizes the possibility of foreign material dogging the various flow passages and 
valves of the apparatus 200. 

In p prpfrrnH w nW^ . ****** nr *ftgr positioning the apparatus 200 
10 within the new section 130 of the weHbore 100, a couple of weDbore ▼otumes are 
circulated in order to ensure that no foreign materials are located within the 
weDbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material mterferes with the expanaion 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then dosed and aharienable 
fhiidk sealing material 305 is th^ 

passage 230* The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes ftom the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wdlbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion ofthe annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 preasnrea and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 galtona/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and weUbore sixes, weDbore section length, 
available pumping equipment, and fluid properties of the fluidk material being 
p umped The optimum flow rate and operating pressure are pieferabhy determined 

30 using conventional empirical methods. 

The hardenable fluidk sealing material 305 may comprise any number of 
conventional commercially available hardenable flmMk sealing materials such as, 
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far example, da* mix, cement or epoiy. In a preferred embodiment, the 
hardenahte ffandxc sealing material 805 comprises a Mended cement prepared 
spedficalfr for the part^ 

Services in Dallas; TXin order to provide optimal suj^rt for tabular member 210 
5 while also Tnamtamtn goptiinnm flow characteristics so as to minimize difficulties 
during the displacement of cement in the annnlarregion 315. The optimum blend 
of the b l en d e d cement is preferably determined using conventional empirica l 
methods. 

The annular region 316 preferably is filled with the material 305 in 
10 iiffirfrwit qrumtfttae to miam th^ nprm ntpm f htr tnbnlnr member 
210, the annular region 815 of the new section 130 ofthewellbare 100 wiD be filled 
with material 305. 

In a particularly preferred emhodimmit, as illustrated in Fig. 3a, the wall 
t hic fcn asB and/or the outer diameter rfthe tabular rnember 210 is reduced in the 
15 region adjacent to the mandrel 205 in order optima^ permit placement of the 
apparatus M0 In positions in the weHborewithti^dearancea, Furthermore, in 
this manner, the initiation of the radial PTjmnmmi of the tubular member 2 10 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
20 filled with material 805, a ph^ 

fluid passage 240 thereby fluidity isolating the interior region 310 from the 
annular region 315. In a preferred embodiment, a nan-hardenable fluidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interior of the expanded tabular member 210 will 
25 not contain rignffirsnt amontttw of cnredmaterial 305 Thkrt^i^^ «n™pi;fi~, 
the cost ofthe entire process. Alternatively, the material 305 m^ 
this phase of the process. 

Once the interior region 310 becomes sufficient^ pressuria^ the tabular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the e xpand able mandrel 205 may be raised out of the expanded portion of 
the tubular member 210, In a preferred *™>™*nnfnfL during the extrusion 
process, the mandrel 205 is raised at apprmrirnatefy the same rate as the tubular 
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member 210 is in order to keep the tubular member 210 stationary 

relative to the new weUbore section 130. In an alternative prefer re d embodiment, 
the eitTUglCT pTKTff! re n yrnrnmrpA with th<% tubular member 21Q positioned above 
the bottom of the new weHbore section ISO, keeping the mandrel 205 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 206 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid paaaage 240 by intrahicm^ 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
The phlg 405 preferably acts to fhndicly isolate the hardenable fluidk 
10 sealing material 305 from the non hnrrtftnwhle flnidk material 306. 

The plug 405 may comprise any number of conwattoo a l commercially 
available devices from plugging a fluid passage such as, fox example, Multiple Stage 
Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down phig nwdifed in accordance with the teachings of the present disclosure. In 
15 a preferred embodiment, the plug 405 

from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressures 
arLd flow rates ranging, foe 
20 to 4,000 pdlons/min. In this manner, the amount of hardenable fhiidic sealing 
material within the interior 310 of the tubular member 210 is minimixed. In a 
preferred embodiment, after placement of the phxg 405 mtte 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
25 fl.OOO gpikrafyfrnfrn fa order tn maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile , burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thicVnftflft of the tubular member 210, the type of hibricant Y and the yield strength 
of the tubular member 210. In general, the thicker the watt thickness^ the smaller 


-14- 


the inner diameter, and the greater the yield strength of the tubular member 210, 
then the greater the operating pressures required to extrude the tubular merober 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 offoftneexpiiuiahlfiiimiidrelwffl interior region 

310 reaches, for example, approximately 600 to 9,000 peL 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tabular member 210 at rates ranging, for 
example, from about 0 to Bft/sec Inepreferrrfembodm^dnringtba extrusion 
10 process, the expandable mandrel 206 is ndaed out of tlie expended portion of the 
tubular member 210at rates isngln^frm^ 

the time required fox the expansion process while also permitting easy control of 
the expansion process. 

When the end portion 260 of the tubular member210 is extruded off of the 

16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 ofthecasbv 116 to form The contact 

pleasure of the overlapping Joint may range, for example, from approximately go 
to 20,000 pat In a preferred emhonimmt, the contact pressure of the overlapping 

20 j°ii* ranges inmispproxmiat^ 

pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial motkm to accommodate typical tensile and compressive loads. 

The overlapping joint between the section 4 10 of the existing casing 1 16 and 
the section 2W of the expamiedtnbuU^ 
26 and fluidic seal In a particularly prelerr^ 

optimally provide a fleddic and gaseous seal in the overlapping joint. 

mapieferred embodiment, the operas 
hsidenahmfmidtcniaterialSOe la« 

mandrel 205 reaches the end portion 260 of fte tulmlar member 210. In this 
30 inanner, the sudden release of pressure caused 

tabular member 210 off of the expendable mandrel 205 can benunimixed. In a 
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preferred embodiment, the operating pressure is reduced in a substantial^ Enear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 5 feet from completion of the extrusion 

5 Alternative^, or mccnTihir 

member 250 in order to ate 

He shock absorber may c ompri se, for example, any j*»wm»F»faVm»j commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the Quidic seal of the 

16 overlapping joint between the upper portion 260 of the tabular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fhiidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
thenanyuncured portion of the material 305 within the expanded tubular member 

20 210 is then removed in a conventional manner such as, for example, rir cnlstfti g the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

25 the annular region 315 is then allowed to cure. 

Aa illustrated in Fig. 5, preferably any remaining cured material 80S within 
the interior of the expanded tubular member 210 is thai removed in a 
conventional using a conventional drill string 505. The resulting new 

section of casing 510 includes the expanded tubular member 210 and an outer 

30 annular layer 516 of cured material 305. The bottom portion of tbe apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Tig. 6, the upper portion 260 
of the tubular member 210 includes one or more wring members 605 and one or 
more pressure relief holes 610. In this manner, the o v er lap p in g joint between the 
lower portion 270 of the axing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is eo^ahxed during the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 in*iabero6()5 are bonded or molded oiito the outCT 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the aperatmg pressures required to expand the upper portion 260 of 
the tubular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction m*eloch>in turn mmmiixes the me<manical shock to the 
entire apparatus 200 upon the ccinpletion of the extra^n process. 

Beferring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a weUbore preferably includes an 
20 PTpandahlw mandrel or pig 705. an expandable mandrel w pig container 71ft. a 
tubular member 715,afloal8fa^ 

a fluid pn wage 735, a fhrid passage 740, a support member 745, a body of htbrkant 

750, an overshot connection 765, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 

member746. The expandable mandrel 706 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
eontroDably expand in a radial direction. The expandable mandrel 705 may 
comprise any nnmbg of conventional ccmm^ expandable mandrels 

30 modiffedtoa«ordanc«witht^ In a preferred 

embodiment, the expandable mandrel 705 comprises a hydraulic expansion tool 
substantially aa disclosed in U A Pat No. 5,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from my number conventional commercially available materials 
such aa, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from whkh the tubular member 715 is fabricated In this manner, the 
crotainer 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weflbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 716 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a p re fer r e d embodiment, the tubular member 715 has a substantially 

*™™ri«r cross-section. In a particularly preferred embodiment, the tubular 
member 715 has » •"Wjmtiaiiy circular wrmninr crosa»sectton 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a krwer section 815. The upper section 806 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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pigfimdriv defined bv the rcgira 

container 710 and ending with the rcgwninthevidnhyjrf the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 705 and ending at the bottom 826 of the 
5 tubular member 715. 

In a preferred embodiment, thewanthickneaaof the uj^ section 805 of 
thg tutelar member Tifi j» greater «mw» the ^"hmffffl ftft>i^^ < ^ TW H^t^ 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
foriliate the initiation of to 
10 700 to be pos it ioned in locations in the weflborc having tight dcarancea. 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 715 may range, 
to 2 inches, respectively. In a preferred embodimm^ 
thickness ofthe upper section 805 of the tubule 
15 to 16 inches and 3/8 to L5 inches, respective^. 

The ootar diameter and wall thickness of «i« int»r««A>fr» i^ctton 810 of the 
tubular member 715 may range, for example, from about 2J5 to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment, the outer diameter and 
wall t hickness of the intermediate section 810 of the tubular member 715 range 
20 from about 3.5 to 19 inches and 1/8 to U25 inches, respectively. 

The outer diameter and wall thickness of the fewer section 815 of the 
tubular number 715 may range, fbrexanip^firomabOTt2JJto50lncbeaand 1A6 
to 1.25 inche s, respectively. In a preferred embodiment, the outer diame ter and 
wall t hick n e ss of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wall thickness of the tower section 815 of the tubular 
member 71 5 ia further increased to increase the strength of the shoe 720 when 
drillable materials such as, fbr example, aluminum are used. 

The tubular member 715 preferably comprises a solM tubular member. In 
30 a preferred embodiment, the end portion 820 c/the tubular member 715 is slott^ 
perforated, or otherwise modified to catch or slow down th* wumrfr *! 7Q5 yrh^s j% 
completes the extrusion of tubular member 715. La a preferred embodimen t, the 
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For typical tubular member 715 materials, the length of the tabular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 ia coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a p re fer red 
embodiment, the shoe 720 further inrfudea an inlet passage 830, and one or more 
jet ports 835. In a particularly preferred embodiment , the cross po ct i onal shape 
of the inlet passage 830 ia adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of aolid material 840 far increasing the strength of the 
shoe 720. In a particularly prefer re d embodiment , the body of aolid material 840 
c omp ri se s ahmm mm. 

The shoe 720 may comprise airy number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a pr e fer r e d embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize the seal between the 
tubular member 715 and an existing wellbore casing, and to optimal^ 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupkd to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region ofthe tubular member 715 above the expendable mandrel 706. The lower 
cup seal 72S may comprise any number of <^u vmtior ialcomrnerdalry available cup 
seals such as, for example, TP cops or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings ofthe present disclosure- In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cap seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper eup seal 730 may comprise any 
number of conventional commercially available cup seals such as, far examp le, TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teaciungs of the preset disclosure. Inapiefexradembc^iiiieii^thanpDerc^aeal 
730 csmpriaea a SIP cup available from HaEarartonBner^8erricesm Dallas, TX 
in order to optimally provide a debris barrier and c<mtam a oo(ly of fabricant. 
The fluid passage 735 permita floidic materials to be transported to and 
10 frcra the alienor region of the tubular n»flinbermhdt»«M.»» rtt f^.Ki a ^ f ^ ff ,] 
706. Thefiuid passage 735 is fhadidy coupled to the Odd passage 740. The fluid 
passage 736 wnreBBraibh/ewn^ 

760, the support member 745, the mandrel container 710, and the aqandable 
niandrel705. The fluid passage 735 preferably extends from a position adjacent 
15 tottesurfacetottebottomtfthaexpanda 

is preferably positioned along a canteriine of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud ox 
epoxies at flow rates and pressures ranging from about 40 to 3,000 g nllnn ^ innt? 
and 500 to 9,000 psi in order to provide sufBdent operating pressures to extrude 
20 the tubular member 715 off of the expandable mandr el 705 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wdJbore, fluidic materials forced up the 
fluid passage 736 can be released into the weulmre above the tontuwiiieniber 715. 
In a preferred em b odi me n t , the apparatus 700 rurthermcludes a pressure release 
26 passage that is coupled to and j»aitioned withm the suppcrt The 
pressure release passage ia further flrrla^coupirf to tl» fluid passage 735. The 
pressure release passage preferably includes a control valve for eontrollably 
opening and dosing the fluid passage. In a preferred embodiment, the control 
valve ia pressure activatedmorto The 
30 pressure release passage is preferabrypositi^^ 

eenterhne of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement; drulingnnid or epoxies at flow rates 
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and pressures ranging from about 0 to 500 g»Hrnift/m*mit» and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during inaertion into a new section 
of a wellbore and to minimise surge pressures on the new weDbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably COTpW fl ™* position within the shoe 720 in fluidic mrnmiminatinn 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
p]in g rrr nfK^r mmibtr rirort^ to hft placed in the inlet 830 of the fluid passage 740 

10 to thereby block further passage of fluidic materials In this manner, the mtcrior 
region of the tubular member 716 below the expendable mandrel 706 can be 
optimally fhiidicry isolated from the regkm exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

16 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section ofa wellbore with flnidk materials. In a preferred embodiment, the fluid 
passaga 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by mtroducing a plug, dart and/or bafl sealing elements into the fluid 
passage 230. 

25 In a preferred embodiment, the apparatus 700 fuo^herijydudea one or more 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluididy sealed The seals 845 may comprise any 
number of conventional coimnenaalry available seals such as, for example , lead, 
rubber, Teflon, or epoxy seals modified in accordance with the t eachings of the 


present disclosure. In a preferred embodiment, the seals 846 

comprise seals 

molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with optimal load 
715. 

In a preferred embodiment, the ge»h84BaroeBlectBdtDprovjdefte uflBdent 
fractional force to support the e x p a nded tabular member 716 from the existing 
easing. In a preferred einbcdlmsiit 
10 ranges from about 1,000 to 1,000,000 M in order to optimally support the 
expended tubular member 716. 

The support member 746 la preferably coupled tn ftp **p*t*am + mand rel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 
16 700intoanewiectionofawBffi>or^ 

number of conventional commercially available support members such as, for 
example, gteel drill pipe, coded tubing or other high strength tubular modined in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment the 8irppart me^ 
20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
snnular region above the expaxidahle nmnnrel container 710 within the interior of 
the tiibular member 716. In this manner, theextrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The hihrkant 705 may comprise 
25 any number of conventional cornrnerxnally available lubricants such as, for 
wninple, Lubriptote, chlorine based faibricanta, oil baaed hihrkanta, or Cfimax 
1500 Antzaiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antiae» (8100) cvaOahle from HalHburton Energy Services in 
Houston, TX in order to optimally provide fabrication to fariliate the extrusion 
30 process. 

The overshot connection 766 is couj^ to the support member 745 and the 
support member 760. The overshot connection 765 prefenbr/pennitBfliesivport 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional qmrniprtiaUy available 
overshot connections such as, for example, Innentring Sealing Adapter, 
Innerstrimj Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 p re f erred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 Into a new section of a weBboce. The wpport member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, ate^ 

modified in accordance withthetea^ In a preferred 

15 ^WJm-T^ tb* support member 760 commisesaconventional drill pipe available 
from steel mfllsin the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 
20 spherical member having an outside diameter that is about 80 to 99* of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise anynumber 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragbloda modified m accordant 
25 of the present disclosure. In a preferred embodiment, tte 

a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assemWy to the remaining portions 
30 700. In this manner, the introduction of fo^ 

is minimised This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a weHbore, a couple of weflbore volumes are circulated 
through the various flow passages oftte apparatus 700 m 
foreign materia 1 n are located within the wcUbore that might dog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expe 

In a preferred embodiment, the apparatus 700 b operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellborn. 
10 Asfflustratedm$?g.8 f manah 

and apparatus described herein is used to repair en existing wellbore casiiig^ 
by forming a tubular liner 810 Inside of the existing weflbore 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative pre fer red embodiment, ay number of f hiidic 
15 materials can be used to expand the 

the damaged section of the weflbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferab^ provided at both 

to optimally provide a flmdiceeaL In an alternative preferred embodiment, the 
20 tubular linear 810 is formed within elu>risonta%pcsiticned pipeline section, such 
as those used to tnmsponhydrocarbo^ 

in an overlapp^ relationship with the adjacent pipeline section. In this manner, 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 
described herein is used to directfrlineaweutoewitha ina 
preferred embodiment, an outer a 

the tubular liner 810 and the weflbore. In the alternative preferred embodiment, 
any number of fluidk materials can be used to expend the tnlralar liner 810 into 
30 mtimal* contact with to epoxy, abig mix, 

or drilling mud. 
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Beferring now to Figs. 9, 9m, 9b and 9c, a prefer re d embodiment of an 
apparatus 900 for forming a weHbore casing includes an expandable tubular 
member 902, a supr^ member 904, m 

908. In a preferred embodiment, the derign and construction of the mandrel 906 
5 ami shoe 908 permits easy removal of tta» elements by drilling them cm t 
manner, the assembly 900 can be easOy removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tabular member 902 is preferabry extruded off of the mandrel 
906 by pressurising an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular croaa-aectian. 

Inapartoriarrj im s fet^ 
iscouj^edtotheupperportkm During 
15 operatkm of the apparatus 
ofthe mandrel 906 by n 

902. The tubular member 915 preferably has a substantial )y annular cross-section. 

In a preferred embodiment, the wall thickness of the tubular member 915 is 

greater than the wall thickness of the tubular member 902. 
20 The tubular member 915 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 

tubulars, low alloy steels, dtamum or stainless steels. In a preferred embodiment, 

the tubular member 9 1 6 is fabricated from oilfield tubulars in order to optimally 

provide approximately the same mechanical properties as the tubular member 902. 
25 In a particularly preferred embodiment, the tubular member 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
1 1 i m trfy thft name yield p mp ei il ea as the tubular member 902. The tubular 

member 915 may comprise a plurality of tubular members coupled end to end. 
In a p r efer red embodiment, the upper end portion ofthe tubular member 
30 915 includes one or more sealing members for optimally providing a fluidic and/or 

gaseous seal with an existing section of wellbore casing. 


In a p re fe rr ed embodiment, the combined length of the tabular membe rs 
902 and 915 ajre limited to tra^^ For typical tubular 

member materi als , the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tabular member 902 is preferably coupled to 

the shoe 908 by a threaded om^ The intermediate portion 912 of the 

tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercial^ available matariala audi as, for enmpi^ oilfield 
tubulara, low alloy fteel^ titanium or *ta^ In a preferred enmodiment, 

the tubular member 902 ia fabricated from oilfield tubulart in order to optimally 
provide a^jprui irnatpfe the same nHrharriral properties as the tubular member 915. 
In a particularly preferred embodiment, the tubular manmer 902 haa a plastfcyield 
15 point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the aame yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tabular member SQ2 ™y range, far example, pfrout 1/16 to 1.6 
inches. In a preferred gmhrvtiTnant the ♦Kinirrw> g p of the "ppir, intm"^^^ 
20 andlowerportkma,910,912and91^ 

1/8 to U25 in order to optimally provM* w»H t^cVif^ t^fft fire* abmit the game ns 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
bwer portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole* 

Tbm outer diameter of the upper, intermfldiate, and lowerportions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1.05 to 48 
inches. In a preferred embodiment^ 

and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
30 3 *4 to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfieM tubulara 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

Tbe tubular member 902 may comprise any number of conventional 
5 w*wiw»»* gfolly available tubular members modified in accordance with the t earhin gs 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Onm try 

The tubular member 915 may comprise any number of conventional commercially 
available tubular members ttk**'*"«* in accordance with the teachings of the 

10 present disclosure. TTiAp«rf«rradpmhoriimfmt thetraVnlarincmbcr915compriaft3 
Oilfield Country Tubular Goods availab le from various UfL steel mills. 

The various elements of the tubular member 902 inaytecoxipWusmg any 
number of conventional proces s such as, for example, threaded connections, 
w elding or ti u***™*! from one piece. In a preferred embod i ment , the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurahty of tubular element 
end The various elements of the tubular member 9 16 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise apta 

end Tbe tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 Tbe support member 904 preferably inc lu de * an inneratring adapter 916, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support memb^ 

during movement of the apparatus 900 within a wcllbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional conmierriaHy available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steeL In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yUU strength. 

The umerstring adaptor 916 preferably is coupled to and supported by a 
conventions! drill string support from a surface location. The innerstring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is ^ 
to and from the apparatus 900. In a preferred embodm^ the fluid passage 9 W 
is fhiidicly coupled to tte In a preferred cintodimen^ the fluid 

10 passage 918 is used to convey hardmabk flmdir pealing materials to and from the 
apparaius900. In a particularly pretercd embodiment* to 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure during po sition i ng of the ap In a preferred 

embodiment, the fluid passage 918 fa positioned along a longitudinal centeriine of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenabk fluidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to canter the support member 904 
20 within the tubular member 916. The upper guide 920 may rampr-i™ *n y mim w 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstringadapter available from Halliburton Energy Sera 
to optimally guide the apparatus 900 within the tubular member 915. 
25 Tto coupling 922 couples the k The 

coupling 922 prefaahfr comprises a conventional threaded cmTi^im 

The various elements of the support member 904 inay be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections OTmachmed from one piece. In a preferred embodiment, the various 
80 elements of the support member 904 are counled iismg th™H«H ^n^^ 

The mandrel 906 preferably includes a retainer 924, a rubber cup 928, an 
cxpanmon cone 928,alowcrame retains 
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934, an rrH^t^n olceve 936, a spacer 938, a housing 940, a waling rieeve 942, an 
upper cone retainer 944, a hibrka tor m 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricatormandrel 946, fabricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the hibricatcr mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign mate rials Into tte 

rubber cup 926. The rubber cup 926 may comprise any number of conv ention a l 
commercially available rubber cupe such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a prefer red embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubiilar member 902m 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil baaed lubricants or Climax 1600 Antiaeize 
(3100). In a preferred embcKtaent, tta 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide Inbrication to fadliate the extrusion process. 

tk# *rrps*r>infm <*m* Qgfi iit coupled to the lower cone retainer 930, the body 
of cement 932, the lower gulc* 934, the extension sleeve^ 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embcHliment, axial movement 
of the expansion cone 928 ispreventedby the low cone retainer 930, hou^940 
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and the upper cone retainer 944. Inner radial movement of the 

^*jmT iin^i cone 

928 is prevented by the txxry of cement 932, the housing 940, and the upper cone 
retainer 944. 

The CTpmmnm cone 3M pmfmAly baa * «ii*gfamtf«ifr annular mm section. 
5 The outside cftainetertf 
a cone shape. He wall thickness of the expansion cane 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
thidmess of the expansion cone 928 ranges ftom about 0^ to 0,76 inches m order 
to cptiinalfr provide adecroate compressive «trmg«i with minimal ™*rr ial The 
10 maximum and minimum outside diameters of the expansion cone 828 nmy range, 
for example, from about 1 to 47 inches. T« « p w ftiw wi embodiment, ^°nmnni 
and minimum outside diameter s of the expa nsi on cone 928 range from about 3.5 
to 19 in order to optimally provide expansion of generally available oilfield tabulate 
The expansion cone 928 may be fabricated frenn any number of conventional 
15 commercially available materials such aa. for example, ceramic, tool steel, titanium 
or low alloy steeL In a preferred embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimalry provide high strength and ab^ 
The surface hardness of the outer surface of the expansion cone 928 inay range, for 
example, from about 60 RockwellC to 70 Rockwell C. In a preferred embodiment, 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred emhndfmprrt i dm expansion fpnft 9?8 ig heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion r^gtaTi^ and ftyr^in* toughness, 
25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. In a p refer r ed embodiment, axial movement of the iwrpfttiftiflm cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be frfrrlratrf from any number of 
30 conventional c onmiercial ry available materials such aa, far example, «*r »™^ 
steel, titaninm or low alloy steel In a preferred embodiment the tower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance, Thesurface hardness ofthe outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 53 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred minortiment» the lower cc^ retainer 930 arid the erpannon 

10 cone 928 are framed as an integral one 

of components and increase the overall strength of the apparatus. Hie outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the fartw 1 *** members 902 and 915* 

The body of cement 932 Is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional inll 
device. In this manner, the mandrel 906 may he easily removed using a 
conventional drPifog device. 

like body of cement 932 may comprise any number of conventional 

20 cxmimorciaUy available cement compounds. Alternatively, aluminum, cast iron or 
tome other drillable metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially a nnular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 
26 Duringoperationoftheappara^ 

the movement of the xnandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a suhstantially annnlar tnn«- **rrjftn 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oflfiald tubulars, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
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The oater surface of the lower guide 934 preferably mates with the iimerinxr^ 
of the tabular member 902 to provide a sEifing fit 

The extension sleeve 938 is coupled to the lower guide 834 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tabular member 902. 
The extension aleeve 936 preferably has a snhfffrmtinlly annular crosa-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulate, low alky steel or stainless steeL In a prefe rred embodiment, the 
10 extension rieeve 936 is fabricated iz^ 

highyield strength. The ertargurfaceof the ertcnirforn sloeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a tKding fit. Ina 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 ia coupled to the sealing aleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 oftbe shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 962 into the fluid passage 962. 
20 Preferably, the spacer QM * mtKtm-^Vj anrmlnr fromixction. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated from aluminum in 
order to cptimalrypnmded The end of the spacer 938 preferably mates 

26 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the spaHngslecve 942 are formed as an ^ 

to reduce the number of components and increase the strength of the appar^^ 
The housing 940 is coupled to the lower guide 934, extension aleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation of the apparatus^ 

motion of the expansion cone 928. Preferably, the housing 940 has a subs^ 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oOfield tobnlara, low alloy 
steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 pr^-r- 1 embodiment, the w^gm** aa*, erfmaion sleeve 936 and hoTising940 
axe formed as an integral one-piece element in order to minrmitP the number of 
components and increase the strength of the apparatus. 

In a partifflTsrry prefrrrH ^Vwlrmonfc, the interior surface of the housing 
940 h»"Hifi«Mi one or more protrusions to fadHate the connection between the 
10 housing 940 and the bo4y of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides sopport for the mandrel 
906. Th« p^ing fliflfw 342 fa pTflffenahly coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a su b sta nti ally annular 
Cross-section. 

The spiling sleeve 942 may be fabricated from any number of conventional 
commerc ially available materials such as, for example, steel, ah nrtrnnra or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment the outer surface of the sealing 
sleeve 942 includes one or mo« protrusions to facQiate the conn ect 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as s one-piece element in order to minimize the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axiri 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 
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The upper cane retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast inm. In a preferred flmhtviiinent, the upper cone retainer 944 
is fabricated from ahimmum 
5 cone retainer 944. 

In a partiailar^ preferred 
exoas-eectionai shape designed to provide increaaed rigidity. In a particularly 
preferred wnbodfntent , the upper cone retainer 944 has a cross-sectional shape 
that is substantially ^shaped to provide increased rigidity and mminure the 
10 amount of material that wmJdhw to b© drilled ouL 
Tb* lubricator mandrel ^ 
926, the upper cone retainer 944, the hibrkater aleeve 948 f and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tubu^ Preferably, the 

lubricator mandrel 946 has a substantially «™™i»t (ross-eectian. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional conunerrialby available materiaia such as, for example, steel, 
alumiman or cast iron. In a preferred embodiment, the fabricator mandnd 946 is 
20 fabric at e d from ahimim an in order to optimally provide drillability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cop 938, the upper cone retainer 944, Uie lubricator sleeve 
948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has ■ «>«fam»jpHy axmalax mm M^tin^ 

The lubricator aleeve 948 may be fabricated from any number of 
conventional conunaroalb/ available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from aluminum in order to optimally provide drillability of the 
lubricator aleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
Lubricator mandrel 946. The lubricator sleeve 948 in tarn supports the rubber cap 
926. The retainer 924 couples the nibber cup 926 to the hibiicator slave 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946 t lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tabular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular crosa«ction. 

The guide 960 may be fabricated from any cumber of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment* the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fiuidic materials at pressures 
20 and flew rate ranging from aboutO to 9,000 psi and 0 to 3,000 galloristoin in order 
tooptimaJryprovidepreesures 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing 954 U3 coaled to the body of cement 956 and the lower portion 

914 of the tubular member 902* During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 90S to facilitate the extrusion and positioningof the tubular member 902. 
Preferably, the >"»«^g ftft* • mWrt^niiy annular rr*pfi«HTprtiftn 

The housing 954 may be fabricated from any number of convention al 
commercial^ available materials such as, lor a**™^ steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from ahnnirom in order to 

optimally prtwrfife drillflMVfr flf *h» bft" 1 "^ QM 

In a particularly preferred emb iKlinm n ^ the interior surface of the housing 

954 *n*bid#* one p«*fai«arm« tn facfliate wwin^ itm between the body 

of cement 956 and the housing 954. 
10 Thflbodygfcame nt fl m keanpledto 

968. Ei a preferred -embodiment, mm*i*mzu*m* of the btrrfr of cement 956 in 

selected to permit the body of cement to be easily drilled out using conventional 

Hi-niinff TT>g«*Krnpa pr o c esses . 

The composition of the body of cement 956 may include any number of 
15 conventional ce m e nt compositions. In an alternative embodiment, a drQlable 

material such as, for example, aluminum or iron may be substituted for the body 

of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956 , the extension 
tube 960, the fluid passage 962, and one ormore outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable ftuidic material from the flnid passage 952 into the fluid passage 962 
and then into the outlet jeta 964 in order to mject the hardenableQuidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900 , the sealing sleeve 958 further 

25 includes an inlet geometry that permits a conventional plug or dart 974 to become 
lodged in the inlet of the seating sleeve 958. In this maimer, the fluid passage 962 
may be blocked thereby fluidity isolating the interior region 966 of tm^ 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annular croswectian. The sealing sleeve 958 my be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
a hnnnmm or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillabihty of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, end one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hard enab le fluidic 
material from the fluid passage 962 into the fluid passage 962 and then into the 
outlet jeta 964 in order to inject the hardenable flnidic material into en annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the seating sleeve 968. In this manner, the fluid passage 962 is blocked 
thereby f*™**^ t^wtfag tha interior w»gfan 968 pf the tubular mmnhpr 902, In 
n | preferred «™1mkK™*w* end «f the cartgraifm tube 960 mates with one end of 
the spacer 938 in order to optimally faciliate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
anmilar cross-section. The extension tube 960 maybe fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aruminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from aruminum in order to optimally provide cbrfflabOity of the 
extension tube 960, 

The fluid passage 962 is coupled to the seating sleeve 958, the extensi on 
tube 960, and era ox more outlet jeta 964. During operation of the qjparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 

25 prefe r red embodiment, the fluid passage 962 is positioned about the centerHne of 
the apparatus 900. m a particularly preferred enibodmient, the fhiid pessage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
rariging from about 0 to 9,000 psi and 0 to 
provide fluids at operationally efficient rates. 

30 Theontletjets964arecoiipledtotheaealmg 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets Mainprise 
the housing 954 and the body of cement 966 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled uairi^ any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material In a pr ef er re d embodiment^ the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodiment^ the assembly 900 « operated substantially eg 
described above with referera 
wellbore or to repair a wellborn awmg or pr jwH^e, 

In particular, in order to extend a wellbore into a subterranean formation, 
a drill string is used in a well known rnnmi* to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the weflbore. In a particularly 
pnrferredanbodim Ina 
preferred embodiment, a bardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surface location into the fluid passage 918. The 
hardenable fluidic sealing material then paaaea from tteftiidpasgayftlft fet»tliA 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jeta 964 and fiHa an annular region between the 
exterior of the tubular men 

wellbore. Con t in ue d pumpingofthe hardenable fluidic sealing material causes the 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example^ from about 0 to 
5,000 psi and 0 to 1,500 gnUonnAnin, respectively. In a preferred embody 
hardenable fluidic ling material is pumped into the annular region at pressures 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the haidenable fluidic sealing materi a l white not 
creating high enough drcolating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable flnidic ppfi^ng material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide Rupport for the new tubular 
member while also maintaining optimal flow characteristics bo as to minimize 
operational dfflR#iilti«>« during the displacement of the cement in the annular 
region. The optimum composition of the blended cenients is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region ofthe new section of the wem>orewiU be 
filled with hardenable material. 

20 fVnrA thft ^nmilar rwginri hnn Wn iwtoqiintftly filled with hardenable fluidic 

leafing material, a phig or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby floidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

26 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by mtrodudng the plug or dart 974, or other 
similar device into the non hardenab le fhndic material. In this manner, the 
amount of cured material within the interior ofthe tubular members 902 and 916 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off ofthe mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. Daring the extrusion process, th» m*^^] 
is raised out of the e xp an de d portions of the tubular members 902 and 915 using 
the support member 904 During this extrusion process, the shoe 908 is preferably 
substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the phag or dart 974 into the fi^ passage 918 at a surfiw location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for pinggfag * fluid passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down plug, Omega latch-down 
10 phigor three-wiper latch down plug modified in accordance with th* i^hir^ „f 
the present disclosure. In a preferred embodmra 

a MSG latch-down plug available from Halliburton Energy Services fa Dal lag, TX 
After placement of the plug or dart 974 in the thud passage 962, the non 
hardenable iluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 600 to 9,000 psi and 40 to 
3,000 gaUons/niinm order to opting 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 nff nf th« expandable will trpgm when the procourc 

20 of the interior region 986 reaches app^^ In a preferred 

embodiment, the extrusion of the tubolar members 902 nd fl 1 nffnf V> m^rf^] 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 6.500 Pa with a flow rate of about 40 to 1250 gaHona/minuta 

During the extrusion process, the mandrel 906 may be raised out of the 
25 e xp an d ed portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expended portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fest enough to permit efficient operation and 
30 permit full expansion of the tubular members 902 and 915 prior to curing of the 
hardenable Quidic sealing material; but not so fast that timejy adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface ^ 

915 will preferably contact the interior surface of the lower end portion of the 
existing eaatagto form anfluidtigM The contact pressure of the 

5 ovErlflppnig jflint may rang?, for f r KW rnr pi*, ft**™ approximately SO to 20,000 psL In 
a prvffit Pii m^" ,ipn t. ihftr*wit»fli pleasure of the uverfap|ringjonit between the 
upper end of the tabular member 915 and the existing section of weUboxecaaiiig 
ranges from approximately 400 to 10 r 0OO psi in oitier to optimaltypitmde contact 
pressure to activate the sealing members and provide optimal resistance such that 

10 the tubular member 915 and existing weDb^ 
compressive loads* 

In a pre f erred embodiment, the operating- pressure and flow rate of the ngn 
hardenable fluid ic material will be controUabry ramped (town when the mandr el 
906 readies the upper end portion of the tubular member 9 15. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be mfalmfofri In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an afrmiHtrre prpfa™^ ^w^imm^ th« operating pressure and/or flow 
rate of the hardenable fhiidk sealing material and/or the n on hardenable fhridic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise sho ck 

25 Alternatively, or in remib roflt mi, » phnA »hg»rheria provided in the support 

member 904 in order to absorb the shock caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion p rocess is completed, the mandrel 906 is removed from 

the wellborn In a preferred embodiment either before or after the removal of the 
mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion erf the easting 
casing is tested u^conventk)iuiliitethod& If the Acidic seal of the overtopping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, {tan* the encored portion of any of the 
5 h a rdenab le flnidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. Thehardanaljtefhiidicfiealingmate^ 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section ofwellboreie then allowed to cure. 

Preferably any remaining cured hardenablefhiidic sealing material 
10 the interior the expanded tuln^ 

conventional manner using a conventional drill string. The resulting new section 
of casing preferably includes tte expanded tabular membm 
outer annular layer of cured hardenable flnidic sealing material Hie bottom 
portion of the apparatus 900 rompr-ming the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conv entio nal d rilling methods 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior ofthe wellborn due 
to a malfunctio n. In this creunstance, « mrammti«n«i Arti) string in mcA to drill 
out the interior sections of the apparatus 900 in order to facilitate the removal of 
20 the remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
alnmimnn, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a p ref erred embodiment, the composition of the interior 
25 sections of the mandrel 906 and shoe 90S, indudingwisormoraofthebody of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, 
the lubricator mandrel 948, the lu^ 

854, the bodj of cement 958, the sealing sleeve 91^ and fhe extension tube 960^ 
are selected to permit at feast some of these components to be drilled out using 
30 conventional drilling methods and apparatus. In this manner, in the event of a 
malftmctkm downhole, the apparatus 900 may be easily removed from the 
wellborn. 


Referring now to Figs. 10a, 10b, 10c, 10d, 10e, 10£ and lOga method and 
apparatus for creating a tie-back liner in a wellbare win now be described. As 
illustrated in Fig. 10a, a weQbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
6 The first casing 1004 preferabr^ 

annuins 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annulus 1014. In a preferred embodiment, the second casing 1006 
is formed by expanding a tabular member substantially as described above with 
reference to Figs. l*9c or below with reference to Figs, lla-llf. 

10 In e particularly preferred embodiment, an upper portion of the tabular 
liner 1012 overlaps with a kiwei puAtlonofthc tubular liner 1008. Inapmtfcnlarry 
preferred ^mbo^* 1 "***. an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluklic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b> in order to create a tie4>ack mwtliat extends firom 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 ifl preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1145, and a 

20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controliably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified fa accordance with Inapreforred 
e mb o diment , th* f^pntwfoH i* mnndwd 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No. 5,348,035, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the erpsnrinMft 

mandrel 1105. The tubular member 1105 is expanded in 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of material* such as, for example, Oilfield Country 
Tubular Goods, 13 chromium tubingor plastic piping. In a preferred embodiment, 
the tubular member 11 10 ia fabricated from OOfield Country TiiKiiIar fl^g 

The inner and outer diameters of the tubularmember 1110 may range, for 
5 example, from apprmrirnatefr^ 
In a preferred embodiment, the inner *nA*witmr diameters nf faiKniy^ member 
1110 range from about S to 15.fi inches and 3.6 to 16 inches, respectively m onto 
to optimaflyprovide coverage for typical oilfieM casing sixes, The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment, the upper endportiOBof the tabular inember 

U10 is slotted, perforated, or otherwise modified to catch or alow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular rr^mV^j- mo jg limited to 
minimise the poaa&3Hy of budding. For typical tubular member 11 10 materi als, 
15 the lengthofthfl tubular member 1110 is prefarabiy limited to between alxnit 40 
to 20,000 feet in length. 

Hie shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110, The shoe lllSincludes the fluid passage 1135. The shoe 1115 may 
c ompri s e any number of conventional commercially available shoes such as, for 
20 example, Super Seainilort 

with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug with aide porta radiating off of the exit flow port available from Halliburton 
25 Energy Services in Dallaa, IX, modified hi 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tabular member 1 

isolate the interior of the tubular member 1100 after the latch devrn plug has 
seated, and optimally permit drilling out of the shoe 1115 after completion of the 
30 expansion and cementing operations. 

In a preferred embodiment, the ahoe 1115 ineludte one or more aideoutlet 
ports 1140 in fluidk communication with the fluid passage 1135. In thi s manner, 


-45- 


tha shoe 1115 injects hardensble fluidic walingmaterial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1 140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed ofllryintzx)dudngapru^ 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported the suprxnrt member 1150. 
The cup seal 1120 prevent* foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup teal 

10 1120 may comprise any number of conventional commerciaUy available cup aeala 
such flg, ^rrfrfflplA, TP rap* or Sdflctrvp Injection Packer GSP) ccpi modified in 
accordance with, the t^fh^gp of the present disclosure. In a preferred 
embo diment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of tha tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. Tha fluid passage 1130 is prefeftbty positioned along 
a centertine of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as drilling mud or epoxies at flow rates and 

pressures ranging from about 0 to 3,000 galkma/taunute andO to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits fluidic materials to be transrMtted from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of tha tubular member 1110 below the 
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e x pand a ble mandrel 1106. The fluid passages 1140 preferably have a cross- 
sectiond shape that pera 

passages 1140 to thereby block further passage of ftuidic rnai*7ia\« ^ this 
manner, the interior region of the tubular member 1110 beiow the expandable 
5 mandrel 1105 can be ftuidicly isolated from the region exterior to the tubular 
member 1105. This pennita the interior region of the tubular member 1110 below 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 are preferably portioned ahmgthe periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 srich as cement, drflling mud or 

about 0 to 8,000 gmBonMnhiute and 0 to 9,000 pai in order to optimally fill the 
annular region between the tubular member U10 and the tubular liner 1008 with 
fluidic materials. In a preferred wnbodimffgt, the fhnd passages 1140 inchidB an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 indudes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the ahoe 1116 includes a single 
inlet passage coupled to the fluid passages 1140 feat is adapted to r^ 
20 or other similar dero» # to permit the 

to be fhndicry isolated from the exterior ofthe tubular inamber 1110. 

The ueala 1145 are coupled to and supported by a k)wer end portion of the 
tubular member 1110. The seals 1145 are Anther positioned on an onto surface 
of the lower end portion ofthe tubular member 1110. Ibe seals 1145 permit the 
25 overiappingjomt between the ua 

end portion ofthe tubular member 1110 to be fluididy sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber. Teflon or epoay seals modified 
in accordance with the teachings of the present disclosure. In a pre fe rred 
30 embodiment, the seals 1145 comprise seals in^Hpd from fltrwtalo** *pny fl mrfiaM p 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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bydranlrc Baal m the overlappingjomtan^ 

to withstand the range of typical t en s ile and compressive loads. 

In. a preferred embodiment, the seals 1145 are select ed to optimally provide 
a suffinentfrictxmal to scpport the ex panded tubular member 1 110 from the 
6 tubular liner 1008. Inapggferi€dembodment»to 
seals 1145 ranges from about 1,000 to 1,000,000 Ibf in tension and compression in 
order to optimal^ support the expanded tubular member 1110. 

His support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the weDbore 1000. In a preferred embodiment, the support 
member 1150 farther includes one or more conventional centraHxers (not 
iHustretedJ to help stabilise the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
15 annular region shove the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusmn of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise airy number of conventional commercially available lubricants such as, 
fqrcTftmpte, Lttbrip 1 "** * Mn ^ ftKftl ^ nr Oirajtr 1500 Antiseixe (8100). 

20 In a preferred embodiment, the lubricant 1160 comprises Climax 1500 Antiseize 
(3100) available from CUmax Lubricants and Equipment Co. in Houston, IX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into the apparatus 1100 toniinimisod. 
This oitnlmiMHi the possibility of foreign material dogging the various flow 
pasaagea and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidk 
materials are prevented from eo tering the region of the weUbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a (billable cement retainer. In a preferred embodiment, the packer 
1165 comprises an EZ Drill Packer avail Rhle from Halliburton Energy Services in 
5 Dallas, TX. In an alternative embodiment, a high gel gtrength pill may be set 
belowthetie-backinplaceofthe packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted 

In a preferred embodiment, before or after positioning the apparatus 11W 
within the weQbore 1100, a couple of wellbore vohxmea are circulated in order to 

10 CTKiirR that no foreign matm^ala Am loe*±*d within thg Are TOOfl tti^* 

dog up the various flow passages and valves of the ap p aiaUi a 1100 and to ciiaxire 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fhiidic sealing material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1 110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tabular hner 1008. C ont i nued pumping of t he materi al 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

Tike material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 galfenR/inin T r egner iivg ^ Iaaprefarredanuy>diinent,^ 

into the annular region at pressures and flow rates specifically designed for the 
casing hmg mn t Mm annular *p*t** being pump^ e <w p"r mwfnf 

available, and the properties of the fluid being pumped. The optimum flow rates 
and pressures are preferably calculated using conventional empiri ca l methods. 

30 The hardenable fhiidic sealing material 1160 may comprise any number of 

conventional commercially available bardeoable flnidic sealing materials such as, 
for. example, slag mix, cement or epaxy. In a preferred embodiment, the 


hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimally provide proper support for the tubular 

member 1110 ^>frn» mamtaiTnmg optianim fln* C harttHyrforiga 80 as to TTirniTnig* 

5 operational difficulties daring the displacement of cement in the nnnnlnr region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical m e th ods* 

Hie annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110. the 
10 rrmyiU* region will be filled with material 1 160 . 

AS illustrated in Fig. imr+ 1^* mnrm\mrT*fpnn hft* hflpn wrtflqtiflMy filled 

with material 1160, one or more plugs 1165, or other similar devices, preferably 
are introduced into the fluid passages 1 1 40 thereby fiuididy isolating the interior 
region of the tubular member 1110 from the anirular region external to tte 

15 member 1110. In a preferred embodiment, a nonhnrdmflbte fluids material 1161 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugB 1 165, or other similar devices, are introduced 
into the fluid passage 1 140 with the introduction of the nan h a r d en nhl * fluidic 

20 material In this manner, the amount of bardenable flnidic material within the 
interior of the tabular member 1110 is minimized. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurised, the tubular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member L110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introd ucing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional mann e r . The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 

30 brass balls, plugs, rubber balls, or darts modified in accordance with the teaching* 
of the present disclosure. 
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In a p r efer r e d embodiment, the plugs 1165 comprise low density robber 
balls. In on alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After p l a cement of the plugs 1165 in the fluid passages 1140, the non 
6 hnrdennhle fhudic material 1161 ia preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 3,000 gaUona/min. 
In a preferred embodiment, afteplaoeinentrf the pings 1165 in ttefhnd passage 
1140, the non hardenahle fluidfc material 1161 is preferably pumped into the 
10 interior region of the tubular member mObekw the mandrel 1105 at pressures 
and flow rates ranging from appwiUuatefr 1200 to 8500 pai and 40 to 1250 
gallona/min in order to optimally provide extrusion of typical tubulars. 

For typical tutelar members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below the mandrel 1L05 reaches, for 
example, approximately 1200 to 8500 psi. In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 11 10 below the 
mandrel 1105 reaches approxim ate^ 1200 to 8500 psL 
20 During the extrusion process, the expandahkman^ 1105 may be raised 

out of the expanded portion of the tubular member 11 10 at rates ranging, for 
example, from about 0 to 5 ft/sec Inapreferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out ofthe expanded portion of the 
tubular member 1110 at rates rangingfhmi about 0 to 2 ft/sec in onler to optimally 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be completed befbre the material 1160 cures. 

In a preferred embodiment 
1110 has an internal diameter less than the outside diameter of the mandrel 1105. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 
SO member 1110, at least a portion of the expended section 1160 effects a seal with 
at least the wem>ore casing 1012. InapartteulaO y pie fe rrvd embodiment, the seal 
is effected by compressing the seals 1016 between the expanded section 1160 and 
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the wellbcre casing 1012. In a pre f erred embodiment, the contact pressure of the 
joint between the p^™*"* section 1180 of the tubular member 1110 and the 
caang 1012 ranges from about 500 to 10,000 pd in order to optimally provide 
pressure to activate the seamig members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensite and compressive 
loads* 

In an alternative preferred embodiment! substantially all of the entire 
length of the tubular member 1110 has an mtemal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 

10 1110 by the mandrel 1105 results in contact between substantially all of the 
expan ded tabular member 1110 and the existing casing 1008, In a preferred 
embodiment, the contact pressure of the joint between the expanded tabular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 

15 provide optimal rwrifttf r ee ♦*» that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllaMy ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner , the 

20 radden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expendable mandrel 1105 can be minlmixH In a 
preferred embodiment, the operating pressure of the Guidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 

25 approximately all but about 5 feet of the extrusion process. 

jfUtcrnntrrcly, tr m HrmHnpfr*'™ , « shock *hm*** 1a provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alteri mti vH y , ir in f^n K ^» tion i a mandrel catching structure is provided 
30 m the niroeremi portion of the tubm^ mem 1110 in order to catch or at least 
decelerate the mandrel 1105. 
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Referring to Fig. 10f, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before m *ftgr ih* removal <*f *h» expandable mandrel 1105, 
the integrity of the flnidic seal of the joint between the upper portion of the 
S tubular member U10 and the upper portion of the tubular Kner 1108 is tested 
using conventional methods. If the flnidic seal of the joint between the upper 
portion of the tabular member 1110 and the upper portion of the tub ular liner 
1 008 is satisfactory, then the uncured portion of the material 1 160 within the 
expanded tubular member 1110 is then removed in a conventional manner. The 
10 material 1160 within the annular region between the tubular 
the tubular liner 1008 is then allowed to core. 

As illustrated in Fig; lOt preferably any remaining cured material 1160 
within the interior of the iwpsndftd tubular member 11 10 is then removed in a 
conventional manner using a conventional drill string. The resultingtie-back liner 
15 of casing 1170 includes the expanded tabular member 1110 and an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Kg. 10& the remaining bottom jwrtbn of the apparatus 
1100 coinprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and pecker 1155 using amventional drilling methods 
20 In a particular^ preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs. lla-llf;ajiembodinu^ofan apparatus and met^ 
for hangings tubular liner off of an existuig wellbore casing wft 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 1200 inchide^ 

a tubular casing 1 2 15 and an annular outer layer of cement 1220. 

Inorder to extend the weQbore 1200 faito the subterranean to 
a drill string 1226 Is used in a wall known manner to drffl out r^ 
subterranean formation 1205 to form a new section 1280. 
30 As illustrated in Fig. lib, ^ 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferably includes an expandable rr*™A~ \ AT 
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pig 1305, a tabular member 1310, a shoe 1315, a fhiid passage 1320, a fluid passage 
1330, a fluid passage 1336, seals 1340, a support member 1345, and a wiper plug 

1360. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The erparidable mandrel 1305 is preferably adapted to controllnbly 
expand in a radial direction, The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable ™»v1ti>i i flflfi «™p™M * hydraulic *rpfln*irm tool 

10 substantially as discloeed in U.S. Pat No. 5,346,095, the disclosure of which ii 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and rrtrurird ft*f irf +h* »«p«iidehl» ttuwiHwel lSOfi Tb^ tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the Umular member 1310 may range, for 

20 example, from approximately 0.75 to 47 inches aim 1.05 to 48 inches, respectivebr^ 
In a preferred embodiment, the inner and outer diameters of the tab^ 
1310 range from about 3 to 15J5 inches and 3.5 to 16 inches, respectively in order 
to nprimalr/prftvi^f TTrfr*™«* ^^mrn^^MT^H: m the most commonly eraountered 
wellbore fixes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1865. In a 
preferred anbodimeat, the wnll thicin*™ »nd miter dtometer of the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 V* inches and 3 Vk to 
16 inches, respectively. In a preferred embodiment, the wall thirknefw and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tabular member 1310 range from about 3/3 to 1.5 inches and 3.5 to 16 indies, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section I860 of the tnbularmentolSlOisfasBthanarequaltothe 
5 wall thickness of the upper end bwer sections, 1855 and 1365, of the tubular 

member 1 310 In mrW frn npHTrmTly fi»rfll»»* t?i» fnttiftHrvn nf fhf fytTUiflOn prOCCSC 

and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tabular member 1310 preferably compriaea a solid member. In a 

10 preferred embodiment, the upper end portion 1865 of the tabular member 1810 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the ertnifdon of tubular -member 1310. In a preferred 
embodiment, the length of the tubular ™fr*+*~ 1310 is limited to minimise the 
possibility of buckling. For typical tubular member 1310 materials, the length of 

15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1316 is coupled to the tubular member 1310. The shoe 1315 
preferably i n clu d e s fluid passages 1330 and 1885. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for »«rnpiA 
20 Super Seal U float shoe, Super Seal II DownJfet float shoe or guide shoe with a 
sealing sleeve for a latch-ctow 

the present disclosure. In a preferred embodiment, the shoe 1315 comprises en 
aluminum down-jet guide shoe with a sealingdeeve fur a latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings oftlre present disclosure, *n order to cmtimalfr guide tt^tnfrulffr***™****- 
1310 into the wellbore 1200, optimally fluidity isolate the interior of the tubular 
member 1810, and optimally permit the complete drill out of the shoe 1815 upon 
the completion of the extrusion and cementing operations* 

In a preferred embodiment, the shoe 1315 farther includes one or more ride 

30 outlet ports in fluidic comnurmcation with the fluid passage 1830. In this manner, 
the shoe 1315 preferably mjecta hardmuhl* fluid w» ^^gmtfyriftl into the region 
outside the shoe 1815 and tubular member 1810. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elem ent s into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1346 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a eenterline of the apparatu s 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,0 00 gallonafaunnteand0to9 f 000psiinordW 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic irmtArialfl to be transported to and 
from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1 370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other shutter device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic mntorinlft. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicry isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized- The fluid passage 1330 is 
preferably ptnritiopftd mibf *™* 8 ^ ft!rtt *g the rg nin rl i nA fifths apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
tt»TPft n t i drilling mud or epoxies at flow rates and pr e ssur e s ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1SB0 of the weHbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a hall —miwig memb er. 
In this manner, the floMpa^ 

and/or ball sealing elements mto the fluid passage 1320. 

The fluid passage 1336 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330, The fluid passage 1335b preferably 
positioned substantially along the centerline of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 

10 mud or epoxies at flow rates and pressures ranging from about 0 to 3,000 
gaDonaAnmute and 0 to 9,000 pal in order to optimally fill the annular region 
between the tubular memb er 1310 and the new section 1230 of the weEbore 1200 
with flnidic materials. 

The seals 1340 are coupled to and supported by the upper emi portion 1855 

15 of the tubular member 1310. The seals 1340 are nn-ther positioned on an outer 
surmce of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the orerlappingjcrint between the lower end portion of the casing 1215 and 
the upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The 
seals 1 340 may comprise any number of conventional commercially available — ftl F 

20 such as, for example, lead, 

with the teaching* of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratatock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimal^ provide a hydraulk seal m 
annuhis of the overlapptagjomt while also creattagoptinri 

25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are eeleetad to optimally prov^ 
& sufficient frictionalfbTO 

existing casing 1215. In a preferred embodiment, the frictkmal force provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 lbf in order to optimally 
30 support the expanded hibular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferahiy comprises an annular member having roffirrpnt strength to carry the 
apparatus 1300 into the new section 1230 of the weDbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventi on al 
centralbeTS (not illustrated) to help stabilize the tubular member 1310. 

5 Inaprrfffrrw* jmAnrifanrnt, the mpportmembeT 1346 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1300. In this 
m^nw, thft iiitoxractipn of forripn material into the apparatus 1300 iammirniged. 
This g raimizefl the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the cripmiskm process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper phig 1350 includes a fluid 
passage 1375 that is coupled to the fluM passage 1320. The wiper plug 1350 may 
comprise one or more conventio nal commercially available wiper plugs such as, for 

15 orernp l «, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper plug ISMconnmses a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 qHft^Tn^t thA expansion mandrel 1305. 
In a preferred emrjodime^ 
within the new section 1280 o^ 

circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

AsOhistxatedmFig.llc^ 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 

30 the interior region 1370 of the tubular member 1310 below the expandable 
m an drel 1305. The material 1380 then passes from the interior regira 1370 into 
the fhiid passage 1330. The material 1380 then exits the awaratus 1300 via the 
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fluid passage 1335 and fills the annul Jir region 1390 between the exterior of the 
tubular member 13 10 and the interior wafl of the new sed 
1200. Continued innnj^ 
at least a portion of the annnlar region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for pmmpto, from about 0 to 5000 psi and 0 to 
1,500 gallons/mm, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 6000 psi and 0 to 1,600 gallonafain, respective^, m 
10 ful the annular region between 

of the wollbara 1200 with the hardenable flnidfc seeling material 1380. 

The hardimahte flnidic sealing material 1380 may comprise any number of 
conventional coinmeraallyava^ 

for example, slag mix, cement or epoxy. In a preferred embodiment, the 

15 hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drilled and available from 
Services in order to optimally provide support for the tabular member 1310 during 
displacement of the material 1 380 in the annular region 1390. The op timum blend 
of the cgmmt in preferably rfo*»rmin»a Bang conventional *mj*in<>+) me t hods. 

20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quanta tina to ensure wpm radial eapen eion *nK^ fa y member 
mo, the annular region 1390 of the r^ 
filled with material 1380. 

As illustrated in Fig. lid, once the An*™ 1 ** region 1390 has been adequately 

25 filled with material 1380, a wiper dart 1395, or other ^Hmt device, is introduced 
into the flu i d passage 1320, The wiper dart 1396 ispreler^ry pumped throu^ the 
fluid passage 1320 by a mm hfmhmnhfc fh^M v> ™«t*n°' i The wiper dart 1395 
than preferably engages the wiper plug 1360. 

As illustrated in Fig. 11c, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper phig 1360 causes the w^phigl3M 

from the maiidrel 1305. The wiper dart 1395 and wiper phig 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and ttuididy isolating the interior region 1370 of the tubular 
member 1310 from the snnular region 1390. In a preferred embodiment, the non 
hardenable fl uid ic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 

5 becomes sufficiently pressurised, the tubular member 1310 is extruded off of the 
ezpandabkmaiKlrell305. DuTmg the extrusion prcce^ 
1305 Is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

Ite wiper dart 1395 is preferably placed into the fluid passage 1320 by 

10 introdudngthe wiper dart 1395 mto the fluid passage 1320 at a surtax* kxation 
in a conventional manner. The wiper dart 1395 may comprise any number of 
convmitionalcoimnerdal^^ 

for example, Multiple Stage Cementer latch-down plugs, Omega latch-down phifts 
or three wiper latch-down plug/dart modified in accordance with the teachings of 

15 the present disdoaure. In a preferred embodiment, the wqpw 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services m Dallas, TX. 

After blocking the Gum pass 1330 and wiper 

20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 pal and 0 to 1,500 galtons/min in order to optimally 
extrude the t ubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 lSlOisminimiied. 

In a preferred embodiment, after blocking the fluid passage 1330, the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures aim flow rates rangi^ 

40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 the expansion process at rates sufficient to permit adjustments to be 

made in operating parameters during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 win begin when die pressure of the 
interior region 1370 reaches, for nramplp, approximately 500 to 9,000 psL In a 
pr e fer red embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a junction of the tubular member diameter, wall 
thickness of the tubular member, g 

the composition of the shoe and tubular member, and the yield strength of the 
tabular member. Hie optiiimm flow rate and operating pressures are preferably 
determined using conventional em p iric al methods. 
10 During the extrusion process, the expandable mandrel 1305 may be raised 

out of the expanded portion of the tubular member 1310 at rates ranging, for 
example, from about 0 to 6 ft/sea In a prefea e d embodiment, during the extrusion 
process, the expandable mandrel 1305 may he raised «n* fifth* gypa^ ^ portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in oxder to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1805, the outer surface of the upper end portion 
20 1355 ofthe tubular member 13N 

tower end portion ofthe casing 1215 to torn a&fhiidti^overlappaQg joint The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide cmtat±ja***nr* mtfTMmt fr> mimr* *^ulpr scaling and proridc 
enough r esistance to w iths t and typical tanaPe and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fluidk and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating pressure and flow rate of the non 
30 hardenfthlftfhiidirTnatitrifll 1M1 i* r^twiThKfr r F r nr H fir^ ^ n ^ qrpimdflhle 
mandrel 1305 reaches the upper end portion 1355 of the tubul» 
In this manner, the sudden release of pressum caused by the complete 
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of thft frifr^k"* rru^rfV^ gffofthe expandable mandrel 1 so* «*t» k#> mmmitfd. 
In a preferred embodiment, the operating pressure is reduced in a su bstantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Altarnalivery, or in combination, ashoi 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, & mandrel catching structure is provided 
10 in the upper end portion 1866 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200. In a pre li m ^ embodiment , either before or after 
the removal of the expandable mandrel 1305, the integrity ofthefhiidic seal of the 
15 overlappingjoint between the upper portion 1355 ofthe tubular member 1310 and 
the lower portion of the string 12 15 is tested using conventional methods. If the 
fluidic seal of the overlappingjoint between the upper portion 1365 of the tubular 
member 1310 and the tower portion of the casing 1215 is satisfactory, then the 
unmred portion of the material 1380 within the expanded tubular member 1310 
20 is then removed in a conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1 400 includes the expanded tubular member 13 10 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 131Smay then be removedby drilling out the Aoe 1315 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formatkm baa been described that inchidm 

in the borehole. A body of fluidic material is then injected into the borehole. The 
tabular liner is then radially expanded by extruding the liner off of the mandreL 
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The injecting preferably includes injecting a hardfrnable fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardenahle u^odk material inio an mterior region of ^ 
tubular liner below the mandreL The method prefetabfr includes fluidity 
5 isolating the annular region from the interior region before injecting the second 
quantity of the non hard enable seaBng material into the interior region. The 
injecting the haxdenahle fluidic sealing material la preferably provided at 
operating pressures and flow rates ranging from about 0 to 6000 psi and 0 to 1,500 
gaflonMnhx The ixgecting of the non hardenable fluidic material is preferably 

10 provided aiopexatmgpreesum and 

and 40 to 3,000 gallon Vmfn The injecting of ^ non bartend 
is preferably provided at reduced operatingpTeasures and flow rates dtirm^ an erd 
portion of the extruding. The non hardenable fluidic material is preferably 
injected below the mandreL Ifcomethodprefera^ region 

16 ofthe tubular Knar bei^ The region of the tubular liner below the 

mandrel is preferably pressurized to pressures rmngingfhnn about 600 to9,000^ 
The method preferably farhirifft fluidicly isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method wrtherpreferabty 
indudei curing the harrifinahte sealing material, and removing at least a portion 

20 of the cured w^Hngmaterlal located within the tubular liner. The method farther 
preferably inclndesoveriapphig 

The inethod farther preferably in<^\xdes sealing the overlap between the tubular 
liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 

25 casing. The niethod Airthar pnrfera^ 

the overlap between the tubular liner and the existing wellbore casing The 
method farther preferably includes removing at least a portion of the hardenable 
fhiidtesealmgmaterfd The method further 

preferably includes lubricating the surface of the mandreL The method further 

30 preferably includes absorbing shock. The method further preferably includes 
catching the mandrel upon theaminletkmofthe extnidmg 
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An apparatus far creating a casing m a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel ia coupled to the support member and includes a second fluid passage. 

5 The tnhilar member is coupled to the mandrel The shoe is coupled to the tabiilar 
liner and Itk^A^ » third fhikl passage. The first.second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. The rapport member preferab ly mchirira one or more sealing members 
urtu pted t farfrfgn mutmal rVom mitorln g an interim region of the tubular 

member. The mandrel is preferably expandable. The tubular member is 
preferably f^ricated from rn^ 

Country Tubular Goods, 13 The 
15 tubular member preferably hag inner and outer diameters r angin g from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 136,000 psL The tubular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief h ol es at an end 
20 portion. The tabular member preferably includes a catchin g member at an end 
portion for slowing down the mandrel The ihoe preferably includes an inletport 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is (billable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an cnmrlapping relationship, pressurizing a 
portion of the interior legion of the second tubular member, and extruding the 
30 second tubular member off of the mand^ 

member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided at c^erathigpreasiiresrangmgnnraisbo^ 
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600 to 9,000 psL The pressurising of the portion of the interior region of the 
second tabular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method farther preferably includes 
sealing the overlap between the first and second tubular members. The method 
6 farther preferably includes supporting the extruded first tabular mem ber using 
the overlap with the second tubular member. The method farther preferably 
includes lubricating the surface of the mandreL The method farther preferably 
includes yfrporbing gt**»fc 

Alinerforusemcreatiiiganflwsectk^ 
10 formation adjacent to an already existing section of wellbore casing has been 
described that inchidaa an anmd^ Thasmmlar member includes one or 

more sealing members at an end portion of the annular member* and one or more 
pressure relief passages at an cod portion of the annular member* 
A weHbore casing has been dewarfbed that includes 
16 annular body of a cured fluidic snaling material The tubular liner is farmed by the 
process of extruding the tubular liner off of a mandreL The tabular liner is 
preferably farmed by the process of placing ^tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular Hner The 
annular body of the cared Quidk sealing material is preferably formed by the 
20 process of iAjecting a bocfr 

region external of the tabular Hner. During the prcsinrixipg, the interior portion 
of the tubular liner is preferably fhiidid^ from an exterior portion of the 

tubular liner. The interior portion of the tabular liner is preferab^pressurued 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overlaps with an existing wellbare casing. The weHbore casing preferably farther 
fodudes a seal position^ 

wellbore casing. Tubular liner is preferably supported the overlap with the 
existing welflbore casing. 

A method of repairing an existing section of a wellbore casing wtthm a 
SO borehole has been describe 

within the wellbore casing, infecting* hofo «f « fhtirfi^ m»t^ri fl l into the borehole, 
pressurising a portion of an interior region of the tubular Hner, and radially 


.65- 


expanding the liner in the borehole by extroding the Hner off of the m^uidreL In 
a preferred nnbcwtiment, the fluidtfTnatmiJiSBelBetedftom the group consistiiig 
of dag tnrr, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further ™rhidf>» fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tabular liner. In a p r ef erred embodiment, the 
injecting ^ft^ twfrftfflnHV™**^* 1 ia provided «t op er at i ng pressures and flow 
rates ranging from about 500 to 9,000 pal and 40 to 3,000 galtona/min. In a 
preferred embodiment, the injecting of the body of fluidic material is provided at 
reduced aperntingpTBSsaiza and flow rates during an end portion of the extruding. 
10 In a preferred cmbodhnent, the fluids material kinjectadbek In 
a preferred embodiment, a region of the tubular liber below the mandrel is 
pressurized. In a preferred embodiment, the region of the tabular liner below the 
mandrel is preasurired to pressures ranging from about 500 to 9 r 000 paL In a 
preferred the method further includes overlapping the tubular liner 

15 with the existing wellbore casing. In a preferred embodimei^ 
includes sealing the interface rjetween the tubular liner 
casing. In a preferred embodiment, the method farther to 
extruded tubular liner using the existing wellbore casing. In a preferred 
exnbodiment,theinet^ 
20 interface between the tubular liner and the existing wellbore c as ing . In a 
preferred embodiment, method farther includes lubricating the surface of the 
mandreL In a preferred embodiment, the method farther includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a prefer red embodiment, the 
25 CTPthfr d *\ tT thftr inrhioVf* expanding thg mandrel hi a radial direction. 

A tie-back finer for lining an existing wellbore casing has been described 
that includes a tubular finer and an annular body of a cured Ouidk sealing 
material The tubular lmer is formed 

off of a mandr el The annular body of a cured fhuok sealing materM is coup^ 
30 to the tubular liner. In a preferred embodiment, the 

process of placing the tubular liner and mandrel within the wellbore, and 
preasoriring an interior portion of the tubular finer. In a preferred embodiment, 
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duripgthepressarizmft 

from an exterior portion of the tubular liner. In a preferred exnbodiment, the 
interior portion of the 

500 to 9,000 psL Tn ft preferred *nt*wwKin«nf «™ nnni—i^fr ft finidic 
5 sealing material is formed by the process of nyetfag * Wy ofhardenahle t hy** 
sealing material into an amnto 

the tubular finer. In a preferred embodiment, the tubular ?™»r overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
further includes a seal positioned in the overlap betwem 

10 other existing weflbore casing. In a preferred embodiment, tabular liner is 
supported by the overlap with the other existing wbQmx* caring. 

An apparatus far expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portkm, and anexterior portion. The interior 
portion of the mandrel is unliable. The tabular member is coupled to the mandr el 
The shoe is coupled to the tubular member. Tne shoe includes a third fluid 
passage operabjy coupled to the second fluid passage, an interior portion, and an 

20 exterior portion, The interior portion of the shoe is driUable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a driUable body. 
Preferably, the interior portion of the sho* mrfudes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a driUable bo4y. 
Preferably, the exterior portion of the mandrel *™TPprim»g an expansion cone 
Preferanfrthe expanafm 

consisting of tool ste^taanjnm and ceramic Frefiaran^ the expanse cone has 
asurf^fcardneasrangtagfr Preferably at least a 

portion of the apparatus is drillahle. 

Although fllnstrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and snbstitution Is contemplated 
in the foregoing disclosure. In aome instances, anne features of the present 
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invention may be employed without a corresponding use of the other features. 
Acconlingiy, it ia appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 
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Claims 


11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tabular liner and a mandrel in the borehole; 

4 ii^ectu^fhiidic material into the borehole; 

5 preraariring a portion of an interior region of the tubular liner, and 

6 radially expanding at least a portion of the hner in the borehole by 
r extruding at least a portion of the Hner off of the mandrel 

12. A method of creating a casing in a borehole located in a section of a 
2 subterranean formation, the borehole having an already existing casin g, 

4 drilling out a imot section of the b^ 

6 casing 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing ; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular hner and the new section of the borehole; 

11 flnidkhr isolating the angularregkm between the tubular liner and the new 

12 section of the borehole from an interior region of the tubular Hner 

13 below the mandrel; 

14 injecting a non hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular Hner off of the expandable mandrel; 

17 sealing the overlap between the tubular liner and the already existing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 


testing the integrity of the seal ^ 

the already existing casing; 
removing at least a portion of the hardenabk fluidk sealing material from 

the interior of the tubular liner; 
curing the remaining portions of the fhndic faardenable fluidic sealing 

material; and 

removing at least a portion of the cured Ikiidic hardenahte sealing material 
within the tubular liner. 

An apparatus for expanding a tabular member, comprising: 
a support meinber, the smjp^ 

a mandrel coupled to the support member, the mandrel inc hK ti n g: 

a second fluid passage; 
a tubular member coupled to the mandrel; and 
a shoe coupled to the tubular 

wherein the first, second and third fluid passages are operably coupled. 

An apparatus for expanding a tubular member, comprising: 
a support member, the support member including: 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the ex p andab le 
mandrel irichiding a third fluid passage coupled to the first fluid 
passage; 

a tubular member coupled to the mandrel, the tubular member including 

one or more sealing ekmrntn; 
a shoe coupled to the tubular member , the shoe metaling: 

a fourth fluid passage coupled to the third fmid passage, the fourth 

fluid passage adapted to receive a stop member, and 
one or more exhaust passages coupled to the fourth fluid 
injecting fliii^ 
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16 at least on© sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 
IS interior region of the tubular member. 

1 5. A method of joining a aecondtu^ 

2 first tabular member having an inner diameter greater than an qqter diame ter of 

3 the second tnhnfor mamber t mnprmng 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

€ pressurixinga portion of tta 

7 and 

8 extruding the second tubular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member including: 

3 one or more sealing members at an end portion of the annular 

4 member, and 

5 one or morepreasure relief paefiegeaat an end portion of the annular 

6 member. 

17. A wellbore c ompr ising: 

2 a tubular liner, the tubular liner formed by the process of; 

3 extruding the tubular Knar off of a mandrel; and 

4 an annular bocbr of a cured fluidic sealing material coupled to the tab ula r 

5 liner. 

1 8. A tie-back liner far lining 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular finer offofa mandrel; and 

4 an annul a r body of a cured lluidfc material coupled to the tabular 

5 liner. 
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1 9. An apparatus for expanding a tubular member, c omprising 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second Bold passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 
g an expandable tubular member coupled to the mandrel; and 

9 a ffrft* fflflp 1 *** to tubular ™mhgr B the shoe farindfajp 

10 a third flirirj passage operably coupled to the second fluid passage; 
U an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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